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Phase diagram of parton densities 

xs 

CGC CGF 

pQCD 

factorization 

 How to probe the  

    boundary between  

    different regions? 

 Experiments measure 

    cross sections, not PDFs 

 PDFs are extracted based on 

  factorization 

  truncation of  perturbative 

     expansion 

Look for where pQCD 

factorization approach 

fails 
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Inclusive DIS in ep and eA Collisions 

 Inclusive DIS cross section:   

 Kinematic variables: 

Neutral current (NC) 

g*, Z0 

Charged current (CC) 

W± 

 Structure functions: 

 4-momentum transfer: 

 Squared CMS energy: 

 Final-state hadronic mass:  

 Bjorken variable: 

 Inelasticity: 
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Naïve parton model 

Hard probe – Impulse approximation – Parton model 

frozen 

P 

hard 

xP 

E 

E’ 

Convolution of  two probability functions 
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Structure Functions as a Function of  Q2 

DGLAP works! 
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Structure Functions as a Function of  xB 

 At Q~1.5 GeV, F2 still grows 

 F2(charm) or gluon also grows 
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What have we learned from eA collisions? 

 EMC effect, Shadowing and Saturation:   

Saturation in RF2 

 
Saturation in F2 

Saturation in F2(A) = RF2 decreases until saturation in F2(D) 

 EIC – RF2 as a function of  xB at a fixed Q2 for various A 

(More in tomorrow’s talk) 

Need  xB  as small as 10-3 at Q2=2GeV2 to probe the saturation 
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The Question 

Can pQCD calculate the structure functions at small x? 

 Facts: 

 PQCD cannot calculate parton dynamics at the hadronic scale 

 Inclusive DIS – single hard momentum transfer:  Q >> 1/fm 

 OPE is expected to work – separation of  scales - Factorization    

Leading twist 

Power corrections 

 Breakdown: 

Collinear factorization fails when parton momentum 
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Semi-inclusive DIS in ep and eA Collisions  

 Parton’s transverse momentum at the hard collision: 

 Single hadron production at pT: 

Gluon shower: 

 Hard scale:  Q  assures a hard collision and pQCD calculation 

 Soft Scale:   pT probes parton’s transverse momentum at the 

                             collision point 

 Mean transverse momentum square: 
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Kinematics and Cross Section 

 Collision energies: 

 Factorized cross section: 
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Gluon Shower when qT is small 

 When qT is small, fixed order calculation diverges: 

LO: 

 QCD resummation: 
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Calculation in the b-space 

 Resummed x-section: 

 Features: 



December 11, 2008   Jianwei Qiu, ISU   13 

Resummed QT Distribution 

 Remove the divergence: 

 Features: 
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Works for heavy boson production 

 Upsilon at Tevatron: 

 Works better for W/Z, also work for Drell-Yan, … 

Dominated by perturbative 

small-b contribution in its  

Fourier conjugate space 

CDF-Run I 

D0-Run II 
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Also work for HERA data 

Nadolsky, et al, 1999, 2001 
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Broadening in Cold Nuclear Matter 

 Transverse momentum broadening: 

 Induced radiation – energy lose: Guo & Wang PRL 2000, …
Wang & Wang, PRL 2002, … 

Short-distance hard scattering

Long-distance fragmentation

Guo, PRD 1998 
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Probe the Saturation 

For a fixed A! 

 At small xB (large S *-A), large phase space for shower 

     QT-distribution could  be calculable at low QT  

 Saturation stops the evolution:  

Same measurement for a larger A! 
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 Semi-inclusive DIS in ep and eA provide clean multiple scale  

    observables  

    – probe parton’s transverse momentum scale at hard collision  

 pQCD resummation technique should be valid for  

    calculating the qT distribution if xB is small (S *-A Large) 

Summary 

 A good place to see saturation: 

Decreases xB while keeping a moderate Q2 
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Backup slides 


